We describe the clinical evaluation and operative management of posterior semicircular canal dehiscence caused by a high jugular bulb.
INTRODUCTION
In 1998, Minor et al 1 first described superior semicircular canal dehiscence syndrome, including clinical features of conductive hearing loss, autophony, chronic imbalance, and pressure-or noise-induced torsional nystagmus. In this syndrome, the bone overlying the superior semicircular canal is absent, leaving the temporal dura in direct contact with the membranous labyrinth, producing a "third window" into the inner ear. Since it was first described, many features of this disease and methods of treatment have been more clearly defined. Surgical managements for superior semicircular canal dehiscence include plugging and resurfacing.
Posterior semicircular canal dehiscence was first described on the basis of radiographic findings in 1986. 2 Bony posterior semicircular canal dehiscence due to a high jugular bulb has been reported by a number of authors [2] [3] [4] [5] [6] and can present with clinical findings similar to those seen with superior canal dehiscence. Gopen et al 4 reported that 11 of their 12 cases of dehiscence of the posterior semicircular canal appeared to be associated with a high-riding jugular bulb.
Surgical management of dehiscence of the posterior semicircular canal has been described only once previously, by Mikulec and Poe, 6 who reported transmastoid plugging of the involved canal. We report the first case of posterior semicircular canal dehiscence that was managed through operative decompression of the jugular bulb with resurfacing of the dehiscent canal. This retrospective review of the case's presentation, workup, and management was approved by our Institutional Review Boards. A discussion of considerations in the management of posterior semicircular canal dehiscence follows.
CASe RePORT
A 20-year-old man presented to our tertiary care center with complaints of noise-induced vertigo and right-sided pulsatile tinnitus that had started 4 months earlier, after a ground-level fall in which he sustained a left-sided, otic capsule-sparing temporal bone fracture that was isolated to the external B A auditory canal. A detailed neurotological examination, including fistula testing, yielded unremarkable findings aside from evidence of a healed fracture of the left external auditory canal. Audiometric evaluation revealed a symmetric, mild to moderate-severe downsloping sensorineural hearing loss and a bilateral word recognition score of 96%. Vestibular evoked myogenic potential testing (100-μs broadband click with 5 clicks per second) revealed a lowered threshold on the right side compared to the left (67 versus 92 dB normal hearing level), although the interaural amplitude ratio was within normal limits at 25% (Fig 1) . Rotary chair testing demonstrated normal vestibulo-ocular and visual vestibulo-ocular reflexes. Findings on infrared videonystagmography evaluation were normal, aside from vertical nys tagmus in the head-hanging center and seated positions in the dark. Up-beating vertical nystagmus was recorded with application of positive pressure in the right external auditory canal (Fig 2) . In addition, up-beating vertical nystagmus was recorded after delivery of a 500-Hz tone at 110 dB hearing level to the right external auditory canal occurring in a delayed fashion after noise presentation. In addition to the up-beating nystagmus observed, which would be predicted with pressure-or noise-induced activation of the involved posterior semicircular canal, a geotropic (superior pole to ipsilateral ear) nystagmus would be similarly expected. Our video nystagmographic evaluation did not include the use of a scleral coil; therefore, we were unable to detect with accuracy the presence of this type of nystagmus. Use of high-resolution temporal bone computed tomography in oblique planes (Fig 3) delineated a broad area of dehiscence of the otic capsular bone that was due to a large, high-riding jugular bulb on the right side. The posterior semicircular canal was found to be widely dehiscent, including the ampulla of the canal. No superior canal dehiscence was evident on either side. In addition, there was a leftsided, otic capsule-sparing temporal bone fracture isolated to the external auditory canal.
Because of the presence of ongoing noise-induced vertigo that interfered with the patient's work around heavy machinery, surgical intervention was offered. A transmastoid approach was taken to allow for wide decompression of a notably high-riding jugular bulb (Fig 4) . The bulb was decompressed and then reduced inferiorly by use of bipolar cautery, surgical packing, and bone wax. After decompression, a temporalis fascial graft was applied into
the area of dehiscence and then supported by placement of a layer of bone pate. A cortical bone graft was then placed beneath the bone pate to complete the composite repair. Bleeding from the jugular bulb was controlled with topical hemostatic agents. The patient had an uneventful recovery from surgery and was discharged on the first postoperative day. On clinical follow-up 2 months after the surgery, the patient described resolution of his noise-induced vertigo and improvement of his pulsatile tinnitus. Audiometric evaluation revealed a new conductive hearing loss on the operated side of 20 to 40 dB across all frequencies with an unchanged bone curve. Repeat vestibular evoked myogenic potential testing revealed more-symmetric thresholds (87 dB normal hearing level on the right and 97 dB normal hearing level on the left), although the amplitude of the right-sided response was smaller than that on the left (42% interaural difference). Postoperative computed tomographic scanning demonstrated a notable inferior reduction of the jugular bulb and bony resurfacing of the inferior aspect of the otic capsule below the posterior semicircular canal (Fig 5) . Au-diometry performed at 20 months after the operation demonstrated normal discrimination scores, resolution of the earlier air-bone gap, and pure tone thresholds that were unchanged from the preoperative testing, aside from a mild worsening (10 to 25 dB) of the preexisting high-frequency loss at 4 and 8 kHz only. The patient did complain of mild dysequilibrium at 20 months after surgery, which improved with vestibular rehabilitation therapy.
DISCUSSION
This case report describes the successful management of a dehiscence of the posterior semicircular canal that was due to a high jugular bulb through bulb decompression and direct management of the area of dehiscence. The patient experienced resolution of his symptoms with this approach, and no complications were encountered. In general, posterior semicircular canal dehiscence due to a high jugular bulb can be managed conservatively without the need for surgical intervention. 4, 5 Our patient experienced a notable severity of symptoms, including pulsatile tinnitus and noise-induced vertigo that, 
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because his occupation required work around loud machinery, caused him significant-enough disability that he sought definitive therapy. His symptoms started coincident with a temporal bone fracture. The pathophysiology of this injury and the subsequent development of symptoms is unclear. We believe that the most likely explanation is that the patient likely had a preexisting high-riding jugular bulb that may have thinned the bone of the inferior aspect of the posterior semicircular canal, leaving it susceptible to fracture. With the temporal bone trauma that occurred, this thinned bone was then compromised and led to the development of a physiologically active third window. The lack of an identifiable bony fracture through the otic capsule or the area of the jugular bulb on computed tomographic scanning would support this theory. As such, we feel that the cause in this case was primarily that of an existing developmental defect that was made symptomatic by a traumatic event.
In our surgical decision-making, we sought to directly address the broad area of dehiscence in this case rather than perform a plugging maneuver of an uninvolved portion of the posterior canal, as was described in the only other report on the operative management of this condition. 6 Our rationale was that indirect plugging of a noninvolved portion of the canal might not preclude continued interaction of the jugular bulb with the ampulla of the posterior canal, whereas resurfacing of the area of dehiscence with composite grafting might avoid this theoretical risk by establishing a solid partition between the jugular bulb and the membranous posterior canal. We were able to safely reduce the high jugular bulb inferiorly and perform a composite repair of the canal dehiscence with complete resolution of our patient's symptoms.
CONCLUSIONS
Posterior semicircular canal dehiscence is a rare but documented condition in which patients present with symptoms and findings similar to those of superior semicircular canal dehiscence. A high jugular bulb may be a significant contributor to posterior semicircular canal dehiscence. Operative management of posterior semicircular canal dehiscence by reduction of the jugular bulb and direct resurfacing of the area of dehiscence represents a viable approach for the temporal bone surgeon to consider when confronted with the uncommon need for definitive management of this disorder.
